an ecological study of the microarthropod communities from las sardinas cave was undertaken. Four different biotopes were studied over the course of a year: bat guano, litter, soil under the chemoautotrophic bacteria colonies and as a control, plain soil without litter or guano. a total of 27,913 specimens of a total of 169 species were collected. analysis of Variance (anoVa) showed that there is a significant effect of biotope on the recorded density, and the post hoc Tukey's test showed that guano is the most different biotope with the highest value of density recorded. The interaction between season and biotope variables was not significant. In the most extreme case, 99 percent of the microarthropods in soil under chemoautotrophic bacteria were mites, mainly in the family Histiostomidae.
Diversity and dynamics of microarthropods from different biotopes of Las Sardinas cave (Mexico)
José G. Palacios-VarGas * , Gabriela castaño-Meneses, Daniel a. estraDa ecología y sistemática de Microartrópodos. Departamento de ecología y recursos naturales, Facultad de ciencias, Universidad nacional autónoma de México. 04510 México, D. F. e-mail: jgpv@hp.fciencias.unam.mx, gcm@hp.fciencias.unam.mx, biodan@ hotmail.com introDUction caves are environments with relatively stable climatic conditions, compared to those outside. this environment is characterized by the lack of light and very often limited food resources, usually coming from the outside, via streams, gravity, feces of animals or their own remains. But those with big populations of bats can produce large amounts of guano that in many cases are used as fertilizer.
Most animals living inside caves, were considered as "cavernicolous" (Barr 1963) , and others as accidental. among cavernicoles there are trogloxenes, troglophiles or troglobites according to their life cycle, in agreement to Schinner-Racovitza classification (Racovitza 1907) . the number of species living exclusively in the subterranean environments has been estimated between 50,000 and 100,000 (culver and Holsinger 1992) , and the invertebrates, mainly arthropods, constitute the majority of cave animals (Gibert and Deharveng 2002) . springtails (collembola) and mites (acari) are the most diverse and abundant microarthropods in soils and other subterranean environments. they play such an important role in the trophic webs that some authors consider them as the "subterranean plankton" (Ginet and Decou 1977) . the movements and dispersion routes of this fauna have been better understood after the discovery of the "milieu souterrain superficiel" (Juberthie et al. 1981) . the vertical migration of the animals from surface to caves has been also explained thanks to their transpor-tation through the microcaves of the superficial environment, and the movement of carbon from the soil to the superficial subterranean environment (Gers 1998) . The most important energy flow in caves is input of particulate organic carbon or dissolved organic carbon in water (Simon and Benfield 2001; Simon et al. 2007) .
the vast geologic diversity of Mexico makes it very interesting for speleological studies. about 20% of the Mexican territory is karst and more than 1,200 caves have been recorded, and some are among the deepest caves of the World (lazcano 1983, espinasa 1990, arias 2001) . therefore, Mexico is very attractive for biospeleological research. there is a rich cave fauna and their representatives present interesting adaptations for this peculiar environment. compilation of all the information about the Mexican fauna has been done by reddell (1981) and Hoffmann et al. (2004) . the most interesting species for their adaptation to cave life were listed by Palacios- Vargas (1994) .
the state of tabasco, which is located in the south of Mexico, is a region with well developed karst (espinasa 1990) , and the fauna of 14 tabascan caves have been recorded (reddell 1981). cueva de las sardinas is located on "Villaluz" ranch, in a small relict of what was once a rich tropical rain forest. Villaluz ranch is located about two kilometers from tapijulapa town, in southeastern Mexico.
The first scientific record about this cave dates back to 1944, when Stirling collected flatworms of the genus Dugesia, fish of genus Poecilia, trichodactylid crabs of the species Trichodactylus bidens, one amblypigid of the genus Phrynus, several genera of spiders such as Tetragnatha, Maymena and Eidmanella, and one hemipteran of the genus Belostoma. Gordon and rosen (1962) made a systematic study about the fishes from Las Sardinas and their adaptations to cave life. they also cited three species of bats: Mormoops megalophylla Peters, Pteronotus davyi Gray and Pteronotus parnellii Gray. in 1998, Gamboa and Kú made the first topographical description of the cave and gave a list of the surroundings vegetation. Mejía and Palacios-Vargas (2001) collected 31 specimens of Poecilia sphenops, among which there was a pregnant female with 15 embryos. stomach contents of those specimens were analyzed and some arthropods and plant remains were observed. they also recorded ostracods (possible Cyclocypris) and one crab (Avotrichodactylus bidens Bott). Hose and Pisarowicz (1999) made a complete and detailed description of this cave which included a map. the importance of las sardinas, as a special environment was pointed out by Hose (1999) who described several of the bacteria living there. the bacteria described by Hose and Pisarowicz (1999) are chemoautotrophic, and the secretions of their colonies were called "snottites" because of their appearance. chemoautotrophic bacteria survive without sunlight, and take energy from an exothermic reaction, in which sulfihidric acid is broken down into sulfuric acid. the products of this natural reaction increase the erosion of cave walls. this process was named "replacement solution" by egeimer (1981) . this process produces deposition of the sulfur and gypsum on the walls and ceiling of the cave which are very heavy and weak, and easily crumbles and is dissolved by water very quickly.
the sulfur-eating bacteria constitute the base of the food webs. This was discovered for the first time in the Movile cave in romania, where the ecosystem is chemoautotrophically based Popa 1992, sarbu et al. 1996) . the difference of Movile cave and cueva de las sardinas is that the Mexican cave has three different supplies of energy: guano from the bat colonies, litter and other detritus which fall through the different skylight holes (originated by the action of acids) and the "snottites", the bacteria colonies. Movile was a closed old system and las sardinas is a relatively new and open system. several studies of arthropods in las sardinas cave have been done, but they are mainly taxonomic (estrada and Iglesias 2003; Estrada and Mejía-Recamer 2005; Palacios-Vargas and Estrada 2003; Palacios-Vargas et al. 2009 ) or morphological (Fuentes et al. 2007 ), but very few of them are related to communities and dynamics. this study mainly focuses on communities and the position of different groups in the complex food chains or trophic web existing in the cave. the study was done during one year and allowed us to make an inventory of the fauna living in this cave.
Materials anD MetHoDs
Four different biotopes, including the control biotope were studied in the cave for terrestrial communities, which were chosen in twelve different chambers along the cave. They were: a) bat guano; b) litter, debris with soil associate to skylights; c) soil under bacteria colonies; d) soil as control, principally limestone ( Fig. 1) .
the sampling was done every three months, from March 2001 to March 2002. twelve samples were taken each time (one from each chamber), every sample was about 600 cm 3 and all of them were put in plastic boxes and taken to the laboratory. in the laboratory the samples were processed by Berlese-tullgren funnels to extract the microarthropod specimens. specimens were stored in 75% alcohol. after that, they were isolated by morphospecies and counted in order to obtain the abundance and the diversity index for each season of the year. For the identification, many specimens of each morphotype were cleared and mounted in Hoyer's solution.
Species richness (S), Shannon diversity (H'= Sp i ln p i ) and Pielou´s evenness (J'= H'/ln S) indices were calculated. Diversity index were compared between pairs with a t test modified (Magurran 1988; Zar 1984) , using Past software (Hammer et al. 2001) . an analysis of variance (anoVa) was used to evaluate the effect of biotope and that of the season on the density of microarthropods. The affinity of the species to the biotopes was studied with cluster analysis, using the dissimilarity rate (difference between two percentage distributions) as a distance and graphically represented using UPGMa as the aggregation method. all analyses were performed using statistica 5.0 software (statsoft 1996).
according to the available bibliographic information about the biology of the spotted species, the feeding relationships were inferred in order to show the potential trophic relationships in the cave. in some cases information observed in field on feeding behavior was recorded, as well the gut content observed in slides preparations of microarthropods.
resUlts anD DiscUssion a total of 27,913 specimens were collected (table 1) . The largest number was taken from guano (21,422; 7 individuals m -3 ), followed by litter (4,455; 1.5 individuals m -3 ), the soils with the bacteria colonies (1,614; 0.5 individuals m -3 ) and control soil (422; 0.1 individuals m -3 ). ANOVA (Table 2) showed a significant effect of the biotope upon the microarthropod density (F 3,40 = 25.67, p<0.0001), the post hoc tukey test (p<0.001) showed that guano differs from the others biotopes in the density of organisms (table 3) . the interaction between season and biotope variables was not significant, that means that the arthropod density does no change depending on the biotope according to the date (Date: F 4, 40 = 0.60, p>0.05; interaction: F 12, 40 = 1.25, p>0.05).
twenty-four microarthropod species were found in soil under the bacteria colonies, forty-four in the control soil, fifty-seven in the guano and one hundred and thirtysix in the litter. the total number of species of this cave was 169. the variation in the number of species in each biotope through the year is shown in Fig. 2 .
the most important results of our studies are: 99% of the microarthropods in soil under the chemoautotrophic bacteria colonies were mites, 80% belongs to the cohort astigmatina (mainly family Histiostomidae), 15% to the oribatei (mainly family oppiidae) and only 4% of order Mesostigmata. the remaining arthropods were mainly pseudoscorpions and spiders.
in the control soil, the mites represent 81% microarthropods; among them 38% are Astigmatina (also mainly of the family Histiostomidae). then, the order trombidiformes is represented by 22% (mainly the predatory family cunaxidae) and the other groups are similar to those in the soil under the chemoautotrophic bacteria.
the litter has the highest diversity of microarthropods, but mites are again the dominant group (79%). among mites, astigmatina represent 43%, but one important difference is that there were at least 15 morphospecies of oribatei and 12 of Mesostigmata, almost twice the number found in the other biotopes. collembola oc- cupy the sixth place after three different species of mites and one of coleopteran larvae. Guano has high abundance of Mesostigmata mites (79% of total microarthropods), followed by Dipteran larvae and astigmatid mites (6% each taxon), and the trombidiformes (mainly cunaxidae 3%). Figs 3 and 4 show the most abundant microarthropods from different biotopes in the cave.
There were important and statistical significant differences among the biotopes except between diversity of the litter and control soils. this suggests that the biotopes of this cave have four independent communities, in which the vegetal debris had the highest diversity according to the Shannon index (H'=3.34), followed by the control soil (H'=2.85), bat guano (H'= 1.72), and the soil under the bacteria (H'=1.43). The evenness follows more or less the same pattern, but the guano communities present the lowest value in evenness (J'=0.75 plant debris > 0.68 control soil > 0.45 bacteria > 0.43 guano). the guano probably has the lowest diversity because it has different fauna depending on maturation and the high abundance of few species. the t test results have shown significant differences between all the diversity indexes recorded in the study (table 4) . cluster analysis used to compare the four biotopes in relation to the shared species shows isolation of the litter from the others biotopes. this is the biotope more different in species composition than the others. the other group is grouping the more similar biotopes in the cave and among these the soil under bacteria colonies, and control soil are more similar to each other than the guano (Fig. 5) .
the species richness can be explained because of the great diversity of habitats within of las sardinas cave. those habitats together along with other factors such as the vegetation around the cave (Gamboa and Ku 1998) , and the connection with the environmental conditions of the area where the cave is located, play an important role in explaining diversity too. the presence of diverse sources of nutrients increases the resources availability that can be exploited by different microarthropods, increasing the possibility to support a diversity of communities. studies about the diversity of habitats and species richness in caves suggest that, for the terrestrial animals, the local patterns of diversity are very important (christman and culver 2001). Due to the different food resources in las sardinas cave, the food webs are very complex. there are four trophic levels which interact, and result in an increase of the energetic fluxes in the system. The main food resources are: plant detritus which come from the surrounding vegetation (Fig. 6) . the other important food source is bat guano, and the bacteria colonies are less important. the plant detritus feeds many fungi and some bacteria which are consumed by many collembola, oribatid and Uropodid mites, most of them are preys of Prostigmata and Mesostigmata mites, ants, and different arachnids as spiders, pseudoscorpions, amblypygids, and the scutigerelid centipides. the bat guano contains mites and collembola very similar to those found at the vegetal detritus, but with some species very specialized as guanophiles.
one important remark is the fact that we found two other species of mormoopid bats (Pteronotus personatus and Pteronotus gymnonotus) which always form huge colonies. there are also other less abundant species in families emballonuridae (possible Baliantopterix), Phytlostomidae (Carollia) and the vampire bat (Desmodus rotundus thomas) in subfamily Desmodontinae, additional to the previous recorded species (Gordon and rosen 1962) . conclUsions this cave is by far the most diverse we have studied, with a least 169 terrestrial microarthropod species. the soil under the chemoautotrophic bacteria and the litter have the lowest value of the diversity index, while the guano has the largest microarthropod abundance. the species found belonging to the families Histiostomidae (astigmata) and oppiidae (crypstostigmata) indicate they have the highest resistance to acid conditions of the environment.
among microarthropods, the mites are the most abundant group, and Mesostigmata are the dominant group in presence. this result is very different of what is commonly found in the caves, where the springtails are usually the dominant group (Gers 1998) . in our results, springtails occupy the sixth place in abundance, after Mesostigmata, astigmata, cryptostigmata, Prostigmata and coleoptera larvae. the presence of many predatory mites suggests that the available resources in the cave can support higher trophic levels. acKnoWleDGeMents this project was made thanks to the help of conacyt project 3965-V. Blanca Mejía, leopoldo cutz, ricardo iglesias and carmen Maldonado made some faunistical identifications. Fieldwork was made with the assistance of ada ruiz castillo, saúl aguilar, arturo García and Mariano Fuentes. Professor luis Parra Pantoja (UnaM, México), and Dr. Kenneth christiansen (Grinnell College, USA) reviewed the final manuscript.
